The highly pathogenic influenza A virus subtype H5N1 spread throughout Asia since 2003, reached to Europe in 2005, and the Middle East, as well as Africa and caused a global concern for a potential pandemic threat last decade. A Clade 2.3.2 H5N1 virus became dominate in the Qinghai Lake region in 2009 with sporadic mammal cases of infection and transferred to Russia and Europe through wild migratory birds. Currently, HPAI H5N1 of clades 2.3.4, 2.3.2, and 7 are the dominant co-circulating H5N1 viruses in poultry in Asia. 2.3.2 Clade is dominant in wild birds through the world whereas there is no evident data about Clade 7 circulation in wild birds. We detected HPAI H5N1 virus of Clade 7.1 in Qinghai Lake, that closely related to Shanxi-like and Vietnam viruses co-circulating in poultry. This is the first report of Clade 7.1 H5N1 in wild birds. Based on phylogenetic analyses, the virus can be originated from Clade 7.1 virus gene pool that spread in Vietnam and Chinese poultry and could spread with migratory birds to Qinghai Lake. The Qinghai Lake continues to be significant hotspot for H5N1 surveillance since the regular outbreaks occurred there in wild birds and mammals. Based on these facts and findings, the related researchers should pay more attention to the Qinghai Lake basin as significant hotspot for H5N1 avian influenza surveillance since the regular H5N1 outbreaks occurred there in wild birds with sporadic mammal cases of infection.
Introduction
Avian influenza is a viral disease adapted to birds, drawing more attention all over the world [1] . Recent outbreaks of an avian-origin H5N8, H7N9 influenza virus raise concern of the emergence of novel reassortant viruses in Eurasia and the potential threat to the human population [2] [3] . The highly pathogenic influenza A virus subtype H5N1 (HPAI H5N1) spread throughout Asia since 2003, reached to Europe in 2005, and the Middle East, as well as Africa and caused a global concern for a potential pandemic threat last decade [4] [5] [6] [7] . In 2005, a great amount of migratory birds were infected by HPAI H5N1 in Qinghai Lake region (northwest of China) which resulted the death of over 6000 birds [4] [6] [8] . Based on their phylogenetic analysis, these viruses were classified as Clade 2.2 [9] . The Clade 2.2 has been found in Qinghai Lake region for over 4 years and circulated worldwide through birds' migration [10] . However, in 2009, a novel H5N1 virus lineage Clade 2.3.2 became dominate in the Qinghai Lake region with sporadic mammal cases of infection [11] [12] , and transferred to Russia and Europe through wild migratory birds [13] . Currently HPAI H5N1 of clades 2.3.4, 2.3.2, and 7 are the dominant co-circulating H5N1 viruses in poultry in China [14] . At the same time, 2.3.2 clade is dominant in wild birds through the world but there is no evident data about clade 7 isolation from wild birds reported.
For better understanding of the virus spreading in wild migratory birds of Qinghai Lake region, we provide annual HPAI surveillance in wild birds [15] including sentinel Bar-headed goose (Anser indicus), which shared the same habitat with that of the wild ones.
Materials and Methods

Samples
Before study, all Bar-headed geese have been tested for influenza virus infection by both serological and PCR tests; and the ones with negative results were placed into Qinghai Lake region in special reserve park. To avoid the possible viral transmission from human to wild birds, the place for feeding sentinel Bar-headed geese was close to wild birds habitats but isolated from human interference. Experimental procedures such as collection, transportation, storage and tests were performed by following the WHO and OIE manuals [16] .
Virus Isolation and RT-PCR
After collection, all the samples were sent to China Animal Health and Epidemiology Center (Qingdao) which can support BSL 3 laboratory facilities. The swab samples were tested for influenza viruses by inoculating in allantoic cavity of 9-days old Specific Pathogen Free (SPF) chicken embryos and RT-PCR [16] . Each sample was incubated in SPF embryos with at least 3 passages; the virus isolation was checked by RT-PCR targeting M gene [16] . Viral RNA was extracted from positive allantoic fluid by trizolchloroform method by following the manual provided by Ambion Company.
(http://tools.lifetechnologies.com/content/sfs/manuals/trizol_ls_reagent.pdf), and reverse transcription (RT) was carried out under standard conditions using the Uni12 (5-AGC GAA AGC AGG-3) primer.
Intravenous Pathogenicity Test to Chickens
Intravenous pathogenicity of isolates for chickens was determined according to guidelines established by the World Health Organization [17] .
Sequencing and Genetic Analysis
PCR was performed using specific primers as described by Hoffmann et al., 2001 [18] .
All the amplicons were purified by TaKaRa Agarose Gel DNA Purification Kit (Ver 2.0) and sequenced by Sangon Biotech (Sangon, Shanghai, China). Samples were analyzed using the Vector NTI 10.0 (Invitrogen, Carlsbad, CA) software package; Full-genome sequence was deposited to the GISAID database (accession numbers EPI463598 -EPI463605). For analysis all the sequences were aligned with MEGA5 (ClustalW alignment), and CLUSTAL X (with MUSCLE option) software [19] [20] complemented by manual tenements, following the similarity criterion [21] . The phylogeny among all eight segments was reconstructed using MEGA5.0 with the maximum likelihood algorithm. Bootstrap (BS) values for both data sets were estimated by using 1,000 replicates [19] .
Results
In April of 2011, we took cloacal, oropharyngeal swab samples from 234 sentinel Bar-head geese from which we found one H5 positive by RT-PCR. We successfully isolated A/Bar-headed goose/Qinghai/0604/2011 (H5N1) strain in chicken embryos. The virus caused death in chicken embryos within 2 days and we evaluated its virulence in chickens. 6-week-old (SPF) chickens were inoculated intravenously with 0.1 ml of a 1:10 dilution of allantoic fluid containing the virus and were observed clinically for 10 days. IVPI was determined by the OIE standard procedure and showed the virus to be 
Discussion
Based on the current study, our H5N1 Clade 7.1 virus has segments most likely originated from viruses of Chinese and Vietnam poultry. This is the first report of H5N1 clade 7.1 virus in wild birds at Qinghai Lake. Clade 7.1 is mostly distributed in Vietnam and neighbor Chinese provinces that are located on the East Asian bird migratory flyway. We suggest that the Clade 7 gene pool from poultry could spread to migratory birds and might be connected with the East Asia and Australia flyway last 3 years. The lack of poultry at Qinghai Lake suggests the most possible way of Clade 7.1 appearance at Qinghai Lake due to bird migrations. We can hypothesized that sentinel Bar-headed geese most likely could be infected by wild birds. It is in accordance with the fact that sampling period was April, when wild birds migrate back to Qinghai Lake from Southeast Asia for breeding [5] [22] . Vietnam virus which is closely related to HA and NA segment of Qinghai 0604 was isolated from seized chicken at China-Vietnam border control station of Lang Son Province that confirms circulation of Clade 7.1 gene pool in poultry at that region [23] . Important that recent re-emergence of clade 7.1/7.2 at present, has urged Vietnam to the need for dynamically applied antigenicity-matching vaccines [24] . The Shanxi and Ningxia Provinces are situated within the East Asian flyway migratory bird flyway and the poultry transportation between these provinces and Vietnam was rare, suggesting that the migratory birds might also play an important role for the virus transmission to Qinghai Lake. Our results confirm that the M, NP and which rises a concern for human threat [25] .
We believe that the gene pool of clade 7.1 can be spread by migrating birds in different provinces as we found in this study. The lack of poultry in Qinghai province could be a reason for eliminating of this virus-there is no data of further spreading. Most likely that migratory birds stop in Qinghai lake region, contact and infect sentinel Barheaded geese. From the Generalized Flyway map [26] , we can conclude that the Qinghai Lake is located in the intersection place between Central Asian and East Asian birds' flyways, which means that the migratory birds from both flyways could transfer virus into Qinghai lake region [22] [26] [27] . However, the Vietnam, Shanxi and Ningxia are located into the East Asian birds flyway, therefore, the transmission have more possibility to be occurred from that region by birds within East Asian and Australian flyway.
Conclusion
In conclusion, during annual surveillance, we detected HPAI H5N1 virus of Clade 7.1 in wild birds, that closely related to Shanxi-like and Vietnam viruses co-circulating in poultry. This is the first report of Clade 7.1 H5N1 in Qinghai Lake. Based on phylogenetic analyses, we believe that the virus can be originated from gene pool that spread in Vietnam and Chinese Clade 7.1 viruses in poultry. We suggest that the Clade 7.1 gene pool from poultry could spread to migratory birds and might be transferred to Qinghai Lake. The lack of poultry at Qinghai Lake suggests the most possible way of Clade 7.1 appearance with birds' migrations and its further elimination. Based on these facts and findings, the related researchers should pay more attention to the Qinghai Lake basin as significant hotspot for H5N1 avian influenza surveillance since the regular H5N1 outbreaks occurred there in wild birds with sporadic mammal cases of infection.
